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INTRODUCTLON 

Backijroijnd 

nr time  an Army-wide modernization program is in the process of 
At the present ^^^^ • f" ''J^Jeioplng   new.   explosive   manufacturing   and 

upgrading   existing    and   develop  g      .^^_^^^^ ^^^^^^ ^^^, ^^^^le the U.b 

Load-Assemble-Fack (LAP) '^=^^^/'/"-   ' effectiveness with improved functional 
Army to achieve increased Production cost ettecti ^^.p^nsive to providing 

.afety "f . -e - 1- -^,,„ ..e^xisting facilities, 
manutacturing facilities tor tuture we p ^^ ^ svstems Process Division, Large 
AS an integral part of this ^^-^ram t^e L-^S^;^; Jew jJ-ey. is engaged in the 
Caliber weapon Systems Laboratory. AHKADCUM. J^^" •^^,^.'%,/,;,^^ ^s an activity 
continuous development of functionally ■^^^P^^^^^^^^^^^/^^^^^';;'.'' „hich includes the 
entitled 'Safety tngineering in Support of ^7"^_^^|°" /'"^^"'/^ '^.^dies of munition 

establishment  of ^1^-^--:^^^^^::^^^^^ ^-^-^^ 
::l^-ZZ::^rorl^^s'^r^,   {n   -^-]-- as^rt of -e -is^for^the 

ordnance manufacturing operations. 

The activities encompassed within this -P°" ";ii/-;^,t'otr/irLlp'c:nc:p; 

to specifically support fa-i^^^-^'^"^";;:\^ ^ h " 5^ MAs/and the 8-lnch H50% 
£or the assembly of ^^/MAec^Orenaesnco both  h  155™^^^^^    ^^^^ ^^^^^^^^_ ^^ 

^ HE ''-J-[^^"/,^j;\Vr;  1) and g'renaaVrlng pac.s (figs. 2 and 3) were reviewed 
ira^te^t pr::ra: 3as then i\npleme'nted to simulate the appropriate conveyor system 

test arrays. 
• 

""^T1 primary objective of -- ^P-"".J%:^/r;rpagTt^^^^ 
confirm, through experimental ;-i"''^/°"',^^\%p"'g",,„;°^3' contained within two 

distance ^^-^/-j^-/-^J.^J^^ re%°aLror d on co^n^Tn^^^^ feed conveyor systems 
types of loading tools as ^'^^ ^"/''; ^ ^^^3 „, g-lnch M509 HE Projectiles. The 
tor their final assembly ^"^'^^ ^^^^^[^ ^ ^.^^'^^^Tf^Vd to establish criteria for unit 

rp:c\:rrtr;orr^con^::rr%pe^- " d" p^ ^ates for the manufacture of 

the aforementioned projectiles. 

facility layouts. 

Criteria 



• 

major unscheduled detonation of a munition on an assembly line will be limited to 
the immediate area or loading station, and not be propagated to either adjacent 
loading activities or the entire facility, causing catastrophic results Therefore, 
the only acceptable criteria In the establishment of safe separation distances .s 
the non-propagation of the initiated donor detonation to the acceptor units. 

Note that all safe separation distances specified within this report are 
measured from nearest edge to nearest edge between the grenade loading tool donor 

and acceptor units. 
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TEST  CONKIGURATION 

M42/M46 GP Grenade  Ring  Packs 

(jenerai 

Testing of the two M42/M46 GP Grenade ring pack loading tools to establish 
and statistically confirm the mlnimu. non-propagative distance ''^^-""/"7;^ ^jj' 
acceptor units under simulated manufacturing line conditions was conducted under he 
auspices of the ARR.^COM Resident Operations Office at the National Space lechnolgoy 

Laboratory's Hazard Range Tests Facility in Mississippi. 

The actual test prograo, consisted of two portions, each utilizing an 
exploratory phase and an ensuing confirmatory phase to statistically establish 
confidence in' the resultant safe separation distances. The two program portion, 
corresponaing to the two-grenade ring pack loading tools are as follows: 

1 15bmm M483 Ring PacK: Contains a complete projectile layer of 
grenades con^-.isting of eight, either M42 or M46 GP. Grenades. The grenades are 
a rayed In a c'^cuiar pattern 'ot seven, with the eighth grenade being in .he center 

and the assembly being held in-place by a series of spacers ^l^^^y^'llX, 
p:ojectile body for alignment purpose. The whole grenade ''''\'lX ' ''ll\l] 
a spring steel ring, 14.60 cm (5.75 in) in outside diameter and 12.70 cm (5.00 in) 

in u;sidp. diam.= L..r by 1.91 ca (0.75 in) thick (fig. 2). 

2 »-lnch M509 Ring Pack: Contains a complete layer of M42 GP Grenades 
(15 ^ach) arrayed in a pattern similar to the M483 ring pack and also "ntained 
i hin a 'sprin/steel ring (fig. 3). However, this ring is 20.35 cm (8.00 in) n 
Tutside diameter anc 17.42 cm (6.85 in) in inside ciia-^eter by 1.91 cm (0.75 in) 

thick. 

Test Arrangements i 

tach test setup consisted of a donor and two-acceptor grenade ring packs 

arrayed in a straight line and r.ised off the ground to ^i-l<^" ^^^ --^^°J 
system's average height ..L,ove the building's floor, as shown in figure 4. The 
center specimen served as the donor, while the ring packs at the extremities of the 
array served as the acceptor specimens, thus producing two-acceptor sets of tes^ 
data results for each test donor detonated. During the exploratory test phase the 
test separation distance between the donor and the acceptor ring packs was varied 
not only from test to test, but also within single test firings. However. he 
donor-to-acceptor separation distance was always held constant during the 

confirmatory phase. 

The test program portion for the 155mm M483 HE Projectile's grenade ring 
packs consisted of an exploratory and confirmatory test phase. The exploratory 
phase of this portion consisted of a test array of three ring packs, each containing 
elKht M42 GP Grenades, arranged in a straight line, on a 2.54 by 30.05 cm (1.0 by 
12 0 in) pine board to simulate the conveyor system. The complete test array was 
then supported bv low density concrete blocks (one under each acceptor , 
approximately 45.7' cm (18.0 in) above the existing terrain in an attempt to fully 

• 
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Simulate the LAP faciiuys conveyor system.  During the exp.oracory phase, which 
coristed of 17 test aetonations, the separation distances, measured edge to edge 
ranjid froa. 15.0 to 61 cm (6.0 to 24.0 in).  The confirmatory rest phase on the M483 
rinfpacks consisted of a series of 26 tests, utilizing the exact sam^ test array as 
^the elploratory phase; however, the separation distances were held "nstant In 

order to amass the necessary statistical data. Flgvre S is a pre-test view of the 
MlHrrln. nick array Ir all ca^es, the left .-^nd right acceptors were color-coded 
for ease"'of'po.t-tesVidentifica-:oa. and all three test units always had a witness 

1 r fnr no<,t-test analysis of donor detonation and subsequent Uf an/) 
f/ropLations "^ Uso as noced i" fi^-e 5. sandbags were utilized behind the 
acTp?ors ""prevent grenade scattering an. aid in post-test analysis and clean-up. 

The test program for the 8-nch M509 H£ Projectile's grenade ring packs 
was ba^icaPy tSe same as th-.t for the H483 ring packs. During the exploratory 
phase whJch'consisr.ed of seven test detonations. ,.he separation distances ranged 

rSO^O to 45.0 cm (12.0 to 28.0 in). The confirmatory test f^^ ----f/ ,^ 
rp«r<. utilizing rhe exact same distance in all tef,ts. Figure 6 is a pre test view 
o the io9rLg pack a^ray. Again, the only variation from the M483 ring pack 
array is larger witness plates to fully accommodate the larger ring of grenades. 

M42/M46 GP Grenade Cluster Tray 

• 

General 

Testing  of  the  M42/M46  GP  Grenade cluster  trays  to establish and 
stat^stlraUy confirm the minimum,  non-propagative  distance  between  donor  and 

Technology Laboratory's Hazard Range Test l-acility in Mississippi. 

The test program initially was to consist o' -wo portions, each utilizing 
ine '-'=="-/ ° .       The portions were to correspond to the 

an exploratory and confirmatory ^^^J^'J^'^^J^     .^^ facility's conveyor systems. 
Cwo-ir»iiade cluster tray arrays proposed for use on tne .acuity 

Vhey were: 

1 A single cluster tray contai Ing 32 each M42 GP Grenades ^^ranged in 

plastic material. 

2 A doubl- cluster tray, consisting of two tra>s locked togetner by a 
steel pin. ind contain'ing 64 each ML GP Gre.ades arranged In eight rings (four per 

tray) of eight grenades each. 

Tsst Arrangements 

Each test setup, both single an.; iual cluster tray, was to consist of a 
donor ana two acceptor u.u'ts arrayed in . s: .-.i.ht line and raised off the ground to 
ruLJe thT con eyor Tste,; s a^rage holght^above the building's floor, as shown 
.figures 7 and 6.   respectively.  The center specimen in each case served as the 
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donor,  while  the cluster  crays at  the extreoittes of the array serv.-d as the 

acceptor specimens. 

During the exp loratory test pr.=ise , which included five single and two dual 
tray tests' extreme difficulties were encountered in achieving fall donor high order 
detonations. Therefore, the test plan was modified as a field expedient to the 
testing of propagation potential between grenade layers in a single tray, oince the 
trays would be touching and the closest grenade layer to the donor layer would be in 
an adjoining tray, the test array in figure 9 was utilized. This test array 
consisted of two cluster trays joined by the connector pin and containing six 
clusters, each containing eight grenades. After conducting three exploratory tests 
utilizing this configuration, a total of 64 confirmatory tests were run. The 
excessively large number of confirmatory tests were due to two reasons: 

test and 

retests. 

1. The non-unifornity of the test array only yielded one data point per 

2. A few partial high order donor detonations necessitated a number of 

Test Specimens 

Lvery test oortion of this program, both ring pack, and cluster tray, 
utilized the same basic test specimen, the M42 General Purpose (GP) Grenade. Since 
it was felt that the controlled fragmentation of the M42 GP Grenade was a more 
severe test than the uncontrolled fragmentation of the MA6 Grenade, only M42 
Grenades were utllii^ed. Also, since the M223 Fuze was held in an out-of-line 
condition by two loading safeties, a roll pin and a spring clip, and had previously 
passed its out-of-line non-functioning safety tests, only unfuzed grenades were 
utilized by the test program in order to provide a safer post test clean-up 
atmosphere. The Mi.2 and M46 GP Grenades' basic dimensions are 6.25 cm (2.46 in) in 
length with a maximum diameter of 3.89 cm (1.53 in) and contain a minimum of 30 
grams (U.07 pound) of A5 Cojiposition in a shaped charge configuration. 

Method of Initiation 

M483/M5U9 Ring P.'cks 

The donor specimen in both ring pack test arrays was primed with two J2 
electric blasting caps directly aligned with the unfuzed grenades' lead cup 
assemblies. In all cases, s. steel witness plate, 1.27 cm (0.50 in) thick, was 
placed below the donor to provide a record of a high order detonation. The M483 
donor ring pack (fig. 10) utilizes the two blasting caps in diametrically opposite 
grenades in the ring of seven; while the M509 donor ring pack (fig. 11) utilizes the 
two blasting caps in diametrically opposite grenades in the inner ring of five. In 
both cases, all testa resulted in a complete donor high oroer detonation with all 

shape charges penetrating the witness plate  ig. 12). 

• 
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M483 Cluster Trays 

The donor specimen In both the single and ^-^^^'^^-^^^^^^^^^^.^J^.^g^^rap; 
(figs. 13 and 14. respectively) i^^^^^ly ^d lll^'\^;\f^jil^::'l^'L^ .LnaL 
directly aligned with the unfuzed grenades  leai cup        ^^^ ^^^ ^^^^ ^^^^^^ 

layer. Thus, the single-t.ray "-^^^^ f^^ Mn. loslor the eight layers. However, 
anJ the dual-tray array utilized 6 llll^'^eT J^e.i^es ga've evidence of only 
since the donor witness P^^^^^' J" ''°,;' "^^,\' 5" (note incomplete penetration 
partial donor functioning as shown ^^ ^"^^^/^'.^J^i^g ^^ps per grenade layer, 
circles) , the ignition system was revised ^°^f" ^'///^'/."/.i^/.pjosite grenades in 
This array uti3i.ed two of the bl^-^^i-g "P^^ cap looted 0,^,' the center or eighth 
the outer rang of se^en and the ^*^^^<i. ''^^^^^^'^^.^caP ^^oc"^     functioning time, the 

grenade.   Due "^f^^^^t^^'te'The'rie 'rono'r's'pe^imen'to a fully high order 
ignition system did not initiate tne wn ^ cluster tray test 

67 firings). 

• 
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TEST RESULTS 

M42/M46 GF Grenade Ring Packs 

'    As  previously stated,  the Safe Separation Distance Study Program  for  the 
grenade pack consists of two separate test portions, one with rings of eight 
grenades for M48i projectiles and the other with rings of 15 grenades for M509 
projectiles. Also, each test portion was further subdivided into two test sections; 
namely, exploratory and confirmatory tests.  The results of the various tests are 

discussed below: 

M483 Projectile Ring Pack 

A total of 17 exploratory tests (test nos. 1 to 17 inclusive of table 1) 
were conducted utilizing separation distances (ring pack edge to edge) from 15.0 to 
51.0 cm (6.0 to 24.0 in) with high order propagations of the donor detonations 
occurring up to the 23.0-cm (9.0-in) spacing. Figures 16, 17 and 18 illustrate 
representative post-test results. figure 16 is a general view of a test wherein no 
propagation of the donor detonation occurred (note the whole acceptor grenades in 
the foreground). figure 17 shows a high order propagation to the right, on the 
nearest acceptor [note the penetrations of both the donor (center) and right 
acceptor witness plates]. Figure 18 demonstrates a typical post-test close-up of a 
non-propagating test array at the 30-cm (12-ln) spacing (note fully penetrated donor 
witness plate and relatively undamaged acceptor grenades). 

The confirmatory test phase consisted of 26 test detonations (test nos. 1 
to 43 inclusive of table 1), thus yielding 52 valid data points. All tests wer 
conducted at the 30-cm (12-in) spacing between donor and acceptor ring packs and 
while light-to-medium damage was encountered on some acceptor grenades, there was, 
in no jase , any propagation of a donor detonation. 

H509 Projectile Ring Pack 

A total of eight exploratory tests (test nos. 1 to 8 inclusive of table 2) 
wer conducted utilizing separation distances (ring pack edge to edge) from 30.0 to 
45.0 era (12.0 to 18.0 in) with no high order propagation occurring at any spacing. 
Howi.ver, the amount of acceptor damage at the 30-cm (12-in) spacing would have led 
to an eventual propagation. Figure 19 is a general view of a test where there was 
no -i-touation propagation and where both acceptors remained intact. Figures 20 
show:-; a post-test close-up of a similar test array. 

The confirmatory test phase consisted of 25 test detonations involving 50 
acceptor specimens (test nos. 8 to 32 inclusive of table 3). All tests were 
conducted at the 45-cm (18-in) spacing between donor and acceptor ring packs, with 
little or no damage to any of the acceptor specimens. 

M483 Cluster Trays 

As formerly mentioned, the Non-Propagation Study Program for the M42 Grenade 
cluster trays for the M483 Projectile originally was to consist of two separate test 
portions, single- and dual-tray tests.  However, due to ignition system problems 

« 
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A 

with the simultaneous ignition of between 8 to 24 blasting caps, donor high o.der 

detonation reliability was highly questionable; therefore, the \"^\ ^^^ "^^/^ "^^^^'^ 
to determine the propagation between grenade layers within a dual cluster tray. 

The initial testing of both single and dual cluster trays consisted of seven 
to.t detonations five for single and two for dual cluster tray arrays (tests nos 1 
'"7 inclusive of table 3). Separation distances in both cases ranged fro« touch ng 
to 122 0 cm (48 0 in) and 205 cm (84.0 in) for single and dual arrays, respectively, 
•hile Ire was no detonation propagation in any of the tests, the aforementioned 
problem of reliable donor high order detonation made the results suspect.     | 

After a review of the single and dual tray results, the test plan was modified 

v^nd datr points    m all  the  tests conducted,  there were no high order 
propagations occurring between the grenade rings within the dual cluster tray array 
figure 21 is a post-test view of the final test array results (note tha. while 
grenades may be damaged and/or ruptured, none functioned). 

Analysis of Test Results 

variations in manufacturing tolerances, materials, wear, etc., required that 

statistical theory). 

t"rtrp,"a» "» ,'..':ut.;\«".:'pp.r u.i.». e.,. p«ce„. p"b,Muc, of 
ptop,8.a,n of .„ ..plosive Incia.nt .t «. « P.«enf '-"■''"". '^^^^l of M 
„LL ring p,c. for Ih. 8-I„c; «509 HE ""J;"  =_   ^^X .eU^loo    i^L^ 

^-:;:™r°rr .r."ii"i "of ;A,%:.^^V'r"'" " "°'*""°"" °" 
explosive incider.c at the 95 percent confidence level. 

Kor the M4^ GP Grenade cluster tray of the 155mm M483 HE Projectile  there was 
a total o: 56 test data points for the dual tray "nfiguratlon (zero spacing bw 
rr;,vO  resulting in an upper limit of 6.25 percent probability of an explosive 
Sncl^e^t in o^e ring ol eig'ht grenades, propagating to any of the adjacent grenade 

rinys at the 95 percent confidence level. 

These values are equivalent to stating that in a large number of tests, 95 out 
ot 100 times the probability of an unexpected explosive incident propagating to a 
catisrophic event will be less than, or equal to. the stated values above The e 
values indicate the quality of the test results and the reliance that can be pUced 

upon the conclusions drawn froci the data. 



CONCLUSIONS 

It may be concluded from Che test results of the M^83 Ring Pack that the safe 
separation distance is 30 cm (12 in) between rings containing eight M42 (JP Grenades, 
with the probablility of the propagation of an explosive incident being 6.98 percent 
at the 95 percent confidence level. 

The safe separation distance between M509 ring packs containing fifteen each 
M42 GP Grenades is 45 cm (13 in) with the probability of the propagation of an 
explosive incident being 7.11 percent at the 95 percent confidence level. 

Due to ignition difficulties, it was concluded that it was highly unlikely that 
either a single or a dual cluster tray containing 32 and 64 M42 GP Grenades, 
respectively, would simultaneously function to a high order detonation. Therefore, 
testing was revised to determine the propagation potential between adjacent rings of 
eight grenades within a dual cluster tray array. Thus, with zero spacing between 
the cluster trays, the probability of the propagation of an explosive incident 
between grenade rings is 6.25 percent at the 95 percent confidence level. 



Table 1.  M42 GP 
;P Grenade Ring Pack (8) for 155m M483 HE Projectile 

• 

Test 
_No^ 

Distance 
cm (in) 

1  L 
R 

30  (12) 
61  (24) 

2  L 
R 

61  (24) 
30 (i:') 

3  L 
R 

30  (12) 
15  (6) 

4  L 
R 

15 (6) 
15  (6) 

5  L 
R 

23 (9) 
23  (9) 

6  L 
R 

Zi    (9) 
li     (9) 

7  L 
R 

23  (9) 
23  (9) 

8  L 
R 

23  (9) 
23  (9) 

9  L 
R 

li     (9) 
23  (9) 

10  L 
R 

23  (9) 
23  (9) 

11  L 
R 

li     (9) 
23  (9) 

R 
23  (9) 
li     (9) 

13  L 
R 

23  (9) 
23  (9) 

R 
23  (9) 
.'3  (9) 

15  L 
K 

23  (9) 
23 (.^) 

Remarks 

NDP^ no damage'' 
NDP, no damage 

NDP , no damage 
NDP, lighc damage<^ 

NDP, llgl^t damage 
NUP, medium damage" 

NDP, heavy damage^ 
NDP, heavy damage 

NDP, light damage 
NUF, medium damafea 

NDP, light damage 
NDP, light damage 

NDP, medium damage 
NDP, light damage 

NDP, medium damage 
NDP, light damage 

NDP, light damage 
NDP, light damage 

NDP , light damage 
NDP, light damage 

NDP, medium damage 
NUP, medium damage 

NDP, light damage 
NDP, light damage 

NUP , light damage 
NDP, light damage 

NuP, medium damage 
NUP, medium damage 

NOP, medium damage 
NUP, medium damage 

Test  Distance 
J^o.   cm ( in) 

16 L 23 (9) 
R 23  (9) 

17 L 23 (9) 
R 23  (9) 

18 L 30 (12) 
k 30  (12) 

19 L 30 (12) 
R 30  (12) 

20 L 30  (12) 
R 30  (12) 

21 L 30 (12) 
R 30  (12) 

22 L 30 (12) 
R 30  (12) 

23 L 30 (12) 
R 30  (12) 

24 L 30 (12) 
R 30  (12) 

25 L 30 (12) 
R 30  (12) 

26 L 30  (12) 
R 30  (12) 

27 L 30  (12) 
R 30  (12) 

28 L 30  (12) 
R 30  (12) 

29 U 30  (12) 
R 30  (12) 

30 L 30  (12) 
R  30  (12) 

Remarks 

NDP, light damage 
NDP, medium damsge 

NDP, medium damage 
HOD^ all 8 grenades 

NDP, light damage 
NDP, light damage 

NDP, light damage 
NDP, light damage 

NDP, light damage 
NDP, light damage 

NDP, light damage 
NDP, light damage 

NDP, light damage 
NDP, light damage 

NDP , no damage 
NDP, light damage 

NDP, light damage 
NDP, no damage 

NDP, light damage 
NDP, light damage 

NDP, light damage 
SDP, light damage 

NDP, nediura damage 
NDP, light damage 

NDP, light damage 
NDP, medium damage 

NDP, medium damage 
NDP, light damage 

NDP , no damage 
NDP, light dam.ige 

• 
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Table 1. (con:) 

Test   Uistance jesc  Distance 
_No.    cm  (J_n)      kemarks No.   cm  (In) Remarks 

^^  L J^ ^1-^) "'U''. "^ damage 38  L 30 (12) NDP, Ughc damage 
'                    *•■ -"-> ^1-) -^Ut". ii«ht ,;aa:age R 3U (12) NDF, no damage 

j                32  L JO (12) NUP, light daaige 39  L 30 vi2) JP, light damage 
:                    R JO (12) NDP, no damage R 30 (12) NOP, no damage 

)!  L 30 (12) NDP, light daniage 40  L 30 (12) NDP, light dcmage 
K 30 (12) NDP, light damage R 30 (12) NDP, medium damage 

;                 34  L 30 (12) NDP, li>5ht damage 41  L 30 (12) NDP, medium damage 
K 30 (12) NDP. light dama:ie R 30 (12) NDP, medium damage 

^^  ^ -i'J O^) NOP, light damage 42  L 30 (12) ND", no damage 
R JO (12) NDP, no damage R 3o (12) NDP, light dam^^ge 

Jb  L JO (12) NDP, light damage 43  L 30 (12) NDP, light damage 
K JU (12) NUP, no damage R 30 (12) NDP, no damage 

J7  L JO (12) NDP, light damage 
R JO (12) NDP, no damage 

a 

b 

c 

d 

NDP - No Detonation PrnpagatIon. 

No damage - All grenades and housing ring fully reusable. 

Light damage - Vinor fragment Impacts on grenades and housing ring. 

Medium damage - Few grenades destroyed, many penetrations of grenades 
and housing ring. 

Heavy damage - Most or all grenades destroyed or ruptured, housing ring broken 
or severely damaged. 

*  HOD - High Order Detonation. 

11 



Table  2.     ml GP Grenade  Ring Pack  (15)   for  8-lnch M509  HE  Projectile 

Test 
No 

L 

R 

Dis: 
cm 

30 

30 

ance 

1 (12) 
(12) 

2 
R 

30 
30 

(\2) 
(12) 

3 
R 

30 

30 

(12) 
(12) 

4 L 

R 

30 

30 

(12) 
(12) 

5 L 

K 

30 

30 

(12) 
(12) 

b L 

R 

30 

30 

(12) 
(12) 

7 L 
R 

30 

30 

(12) 
(12) 

8 L 
R 4 5 

(18) 
(18) 

9 L 

R 

45 
45 

(18) 
(18) 

10 L 
R 

45 
45 

(18) 
(18) 

11 
R 

45 
45 

(18) 
(18) 

12 L 

R 

45 
45 

(18) 
(18) 

1 J 
R 

45 
45 

(18) 
(18) 

14 L 

R 

45 
45 

(18) 
(18) 

15 L 45 
45 

(18) 
(18) 

Remarks 

NDP^  mediijQ  damage" 
NUP ,   heavy  damage'^ 

NDP, light damage"^ 

SD? , light damage 

NUP, medium damage 

NDP, heavy damage 

NDP , heavy damage 

NUP, heavy damage 

NDP, heavy damage 

NDP, medium damage 

NDP, heavy damage 

NDP, medium damage 

NDP, medium damage 

NDP, heavy damage 

NDP, medium damage 
NDP, medium damage 

NDP, light damage 
►;DP, light damage 

NDP , no damage 

NDP, no damage 

NDP, fj damage 

NDl, no damage 

NDP, light, damage 

NDP, no damage 

NDP, no damage 

NDP, light damage 

NDP, light damage 

NDP, no damage 

NDP , no damage 

NDP , no damage 

Test 

No- 

Distance 

cm (_ln) 

16 L 
R 

45 
45 

(18) 
(18) 

17 L 

R 

45 

45 

(18) 
(18) 

18 L 
R 

43 

45 

(18) 
(18) 

19 L 

R 

45 

45 

(IS) 
(18) 

20 L 

R 

45 

45 

(18) 
(18) 

21 L 

R 

45 

45 

(18) 
(18) 

22 L 

R 

45 

45 

(18) 
(18) 

23 L 
R 

4 5 

45 

(18) 
(18) 

24 L 
R 

45 

45 

(13) 
(18) 

25 
R 

45 

45 

(18) 
(18) 

26 L 

R 

45 

i5 

(18) 
(18) 

27 L 
R 

45 

45 

(18) 
(18) 

28 L 

R 

45 

45 

(18) 
(18) 

29 L 

R 

45 

45 

(18) 
(18) 

30 L 

R 

45 

45 

(18) 
(18) 

Remarks 

NDP , no damage 
SOP, light damage 

NDP, no damage 
NDP, no damage 

NOP , no damage 
NDP, no damage 

NDP, light damage 
NDP, no damage 

NDP , no damage 
NDP, light damage 

NDP, no damage 
NDP, no damage 

NDP, light damage 
NDP, no damage 

NDP , no damage 
NDP, light damage 

NDP, light damage 
NDP, no damage 

NDP, light damage 
NDP, no damage 

NDP, light damage 
NDP, light damage 

NDP, no damage 
NDP, no damage 

NDP , no damage 
NDP, no damage 

NDP, medium damage 
NDP , no damage 

NDP , no damage 
NDP, no damage 

• 
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T 

Tr.ble   Z.   (cont) 

Test Distance 
No. cm     (in) Remarks 

Test       Distance 
No.       ca     (In) Remarks 

Jl  L  43  (lb)  NOP, light daaage 
R  43  (16)  NOP, light damage 

32  L 45  (18)   NDP, no damage 
R 45  (18)  SDP. light da-sage 

^  NUP - No Detonation Propagation. 

^    Medium damage - Few grenades destroyed, many penetrations of grenades and 
housing ring. 

^    Heavy damage - Most or <»11 grenades destroyed or ruptured, housing ring broken 
or severely detormed. 

"  -Ight damage - Minor fragment Impacts on grenades and housing ring. 

• 
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Table 3.  M42 GP Grenade Cluster Tray - Exploratory Phase 

Test   Tray 
No.   Array 

Distance 
cm      (in) 

IL   Single    92.0  (J6,0) 
R  (fig. 2)   122.0  (48.0) 

2L 
R 

single 30 
61 

.0 

.0 
(12.0) 
(24.0) 

3L 
K 

Single 
15 
Touching 
.0   (b.O) 

4L 
R 

Dual 

(fig. 3) 

151 
205 

.0 

.0 
(60.0) 
(84.0) 

5L Dual 92 .0 (36.0) 

K Touching 

t)L 

K 

Single Touching 
Touching 

7L Single Touching 

K Touching 

b Touching 

(tig. 4) 
NA 

9 Touching NA 

10 Touching NA 

Remarks 

NDP* , nearest clusters scattered 
SUP, one grenade damaged, nearest clusters 

scattered 

NDP, tore up trav, scattered all clusters 
NDP, tore up tray, scattered all clusters 

NDP, 9 grenades damaged, all others scattered 
NDP, 6 grenades damaged, all others scattered 

NDP, trays intact 
NDP, trays intact 

Invalid test, with 3 grenades primed per 
grenade circle, donor did not fully detonate 

NDP, 16 grenades damaged, 5 missing 
NDP, 16 grenades damaged, 2 missing 

Invalid test, with j grenades primed per 
grenade circle, donor did not fully detonate 

NDP, 2 grenades destroyed, 4 damaged and 34 
undamaged 

NDP, 4 grenades damaged and 36 undamaged 

Invalid test, with 3 grenades primed in donor 
circle, donor did not fully detonate 

* NUP - No Detonation Propagation 

• 
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Figure 2,  155MM M483 ring pack configuration 
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Figure 17.  M483 ring pack; post-test - propagation 
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Figure 20.  M509 ring pack; post-test - close-up 
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APPENUIX 

STA riSnCAL tVALUATtON OF EXPLOSION PROPAGATION 
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SLdCidticai Theory 

The t-ssibility of Che occurrence of explosion propagation based upon J 

statistical analysis'of the test results has been evaluated in the main body ot the 
report. This appendix is devoted to the mathematical means by which the statistical 

analysis was performed. 

The probability of the occurrence of an explosion propagation is dependent upon 
the degree of certainty or confidence level involved and has upper and lower limits. 
The lower limit for all confidence levels is zero; whereas the upper Unit is a 
function of the nuaber of observations or, In this particular case. Che number of 
acceptor items tested. Since each observation is Independent o. the others and each 
observation has a constant probability of a reaction occurrence (explosion 
propagation), the number of reactions (x) in a given number of observations (n) will 
have a binomial distribution. Therefore, the estimate of the probability (p) of a 
reaction occurrence can be represented mathemaclcally by 

p - x/n 

and,   therefore,   the  expected  value of   (x)   Is given by 

E(x) - np 

(1) 

(2) 

tach conrldence level will have a specific upper limit (P2) depending upon the 
number of observat'ons involved. The upper probability limit for a given confidence 
level a. when a reaction is not observed, is expressed as 

(1 - P2)" - c <3) 

where c - (1 - a)/2 and a < 1.0 (4) 

Use of equation ^   is illustrated in the following example: 

Example 

Determine 
propagation   for    a   confidence 
reaction  occurrence. 

the     upper     probability     limit     of     the    occurrence    of    an    explosion 
level    of    952   based    upon    30    observations   wlthoul    a 

Given 

Number of Observations (n) - 30 
Confidence Level (a)      - 952 

Solution 

1.  Substitute the given value of (a) into equation 4 
and solve for e: 

43 



e - (I - a)/2 - (1 - 0.95)/2 - 0.025 

2.  Substitute the given value of (n) and va 
into equation 3 and sol"e for P2'- 

e - 0.025 - (1 - n'^^^ 

lue of (a) 

or 

P2 - 0.116(11,6Z) 

Conclusions 

95Z 
true value of the 

and  0.116;  or 
for  a 95Z  confidence  level  and 30 observations,  the 

probability  of  explosion  propagation  uiU  fall  between  zero    ^„, .„,,, ^ 
statistically, it can be interpreted that in 30 observations, a maximum of (0.116 x 
55) - 3.48 oLrvations could result in a reaction for a 95% confidence leve.. 

Probability Table 

Table A-1 shows the probability limits and the range of the expected value E(x) 
or different n^bers of observations. Three confidence limits 90 95 and 99%. are 
,sed to derive the probabilities.  The same values are plotted in Figure A-1. 
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